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/ 

XyX^&a^jfe, 

[11**2] #Wrt-5««fe^ sHTVIKStttt-Ofc* 

fee 

©a^-^^-Cfc £r#m t + Sit #* 1 Xtt 2 \z 
[3***4] p-/uiigt'fe5: 

[»**5] »fpi-r5«ffids % ^sp^smgaagt 

§s** i tcia«(oSc«^7 x^^s*^ 0 
[ft ** 6 ] £-£fcX57 x^<dX 

[»** 7 ] *tftmt!-C3g3E £i*:fcX^ X 
■^Pfc^ajLoa^ -iS5 0mm£l±-efc5lfc*r#tt 
^5ff ** 1 - 6 (Ol>T ix^ 1 *Mf2tt£>*fe«X7 X-7 

[fit** 8 ] «ffiXt//XfiHffR«ffO*saK 

l 0 mKTt*)5 r t t5l«*5 l - 7 

WlTtifrl 3SlcfE«fe<7>ftS^7X^«i3S*-ffio 
[§1**9] »1SMM^\ 12 0OTt*fc5 

^ t &4*»*i-sfli** i-8 <Dt^-rtt^ i *icett0> 
«cm^7x^^a*jfe 0 

«f« t -r sis** i - 9 ov^-ma* i Jifcis^co^mx 
[»** 1 1 ] ^/i^tfwmiw^ «#»«^ i o - 

1 0 0 0 k V / c mt'*5 ^ t t 1 - 

i oov^n^i^^istt^S^^x-^^s^feo 

[»**1 2] 7 F 7X-e«:«[j6aa«tc»*S-fra 

X^ X-^ jc** * *5 w t Zft'mt 
**l-l lov^i*n^lJ5^E<R^»«^7X^ffi.S 

[it** i 4 ] **aa*»^«>*!ia3ft^ «*<o»rsi-r 
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lt5C <b£#St<!:-r3fii**l~l 3 0>wfjxft»i9| 
[0 00 1] 

pa^bKn^at-fcsstosff^SEE^^x^fes-r 

70 [0002] 

^ p 7X^^^^^:^^fe^S^^tLr#TV^^ 0 
[0 0 0 3] rix^-CO^iEX^X^MS^^ LTfi. 
20 — y * ASfflftT-CtoaSrtT 9 #ife&s#M¥ 2-486 

^f)^5#iSTT^l^lT 5*j£d s »M 5 P4- 7 4 5 

tut. $j*x\±T±h>>*$<nmmte&V!i&^m'rz> 

30 [0 0 04] ^t, -JKftfcSBEXv X-^«L31*ife-C 
tt, 6-2149 ft^^F 7-8 5 9 9 7 

v>T, imfnttfLfcfffWaMlllclU 

ffi^r^PU, »±L*:X7X-r-e»«iSfl:S:«!.ai-5* 

[0 0 0 5] r<OPBlH«r»*-r5t<0^ LT, &*0«{£ 

^ c7)^ssis»^»cx^x^^^m^i-<s u^ta 

3a»fi3ftSH**ixT#TV^. 4*§B¥l 1-2 

5 1 3 0 4 -»^a&tf»BB¥- 1 1 -2 6 0 5 9 7 

ht^#mLr«feafric*#ort-57 p 7X^«L3a« 

50 I*. XilE(CJ:oT3g±LfcX7X^S:fiJfflUTV^fc 
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u ^ti^bv-^mtm^r) 

[0 0 0 6] 
[0 0 0 7] 

«a*i#we-e, *»oi*tfc^-: ^«r**.ftv^«.a 

[0 0 0 8] -Tftfefe. *3693<0» 1 (BfBWW:, 
l:H»Bt#trBlL, S«E««IB]fc*a*^«:»AL 

««fe * * 6 r Sr WfK t -T 5 Scm^ 7 X^ «*fr8sT**> 

[0009] *^<Dig2 03ge;m. ^-rsm 

[0 0 10] 3 0>»l!Hti:* »lRj-fS« 

Sis. «IW©W¥«tt©|i^b«fcS:ifc 

»» t -r z>m i xis 2 <o«9i tcianso&mx^ x-^&gi 

[001 1] *^<DSB4<^*Wtt. 

[0 0 1 2] ifcfc, *5BW^»5<o5BWli, *ffpJi"6® 

[0013] ^fc, **w<o»6<a»9itt\ *tr6j-*-*« 
t -r 5 « 1 - 5 <d 1 >tti/i^i h jcietto tk«^7 x-t 

[0 0 14] *58W^m7tO«^fi % 
MStfc7 P 7X^^7Xv^#aiLP^\ — iZ25 0 
mmttltfc?) r t ZW&t -t Z>m 1 - 6 t^T tt^O 
*WI-Ett<7>*ttX7X^»a*jSfe"C*>6. 

[0015] iktz. *mm<Dm8<D#mte, mmRxt/ 



(3) ^2 0 0 2-2 3 7 4 8 0 

4 

*4*»&-rs » 1 - 7 (Dv^n^^^tciE«^sx 

7X^I*fe-Cfc5 0 

[0 0 16] *1t. *«W«>*9*>3BIBr±. »1S« 

1 2 ot^msr 
^v^n*^*wjcE<ft<ottmx7X^&a*s-x?*> 

[0 0 17] £fc, *%^ll0(7)^lt 
dsi 0/x sOTt-fe5^tSr#»i:tSSl-9^f 

/o jx^*w^Ett^iS«X9X^«is*«fe-efcs. 

[0018] £fc, *$g^<E>B 1 1 (O&m-Z. s<s\<>xtf; 
<nnRfc. SfMd ; 1 0-1 000kV/cmt'fc5 

^17*7 X^«L3S*«fe-C«> £ e 
[0 0 19] *S5W<0*1 2 Colgate, X^X-^ 

20 [0020] *fc. ^^co^i 3<D^p^ti N ^scm 

»«c^f^^$mLP/X^SrStt*ffi±jc»»$-fr5y 
X/u(«*««*Sr*i-5 - 2 0>»B 
lcE«(Ojk«X7X^«LS^rftT-*>5o 
[0 0 2 1 ] * fc, *&W<Dm 1 4 0>3&9irt: % KM£ 

tt~.<Dttim&, a»osiRitsat^e)«)^7XTf» 

1-1 3 0V^Ti^?!)^cD^^tcf^«(DS:m^7X^^LS^r 
[0022] 

ML, SBtftni:. M^^^Al, Mamie 

X^£, tMSm^&nft^AK^EBSix^ttA9X 
Wlc9S«LTg»$-frT«iit5*feS7 , 7Xv*fe-Cfe 

[0 0 2 3] ±K*«ffiaS#OIE;&T*ti:, 1. 333 
X 1 0 4 -1 0. 664X10 4 Pa T£Jti% 
*T4>, JEAiHfeWWC, ^B#ffiffiK#59. 3 3 
40 1 X 1 0 4 -1 0. 397xi0 4 Pa 0®B^#3l U 

[0 0 2 4] *ft]£i6<*<DJErtT-Cte, <$r h 

y*©»J|ro^^M»4S3lL-C^7 X-rfttttlliSft 

[0 0 2 5] *:«JEjS«a>ffi*TJc*3^-ctt, *^p^^> 

50 ^i,^(o^ , 7x-7«ca^(g^bT--^a:m^(-^5^ 
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[o o 2 6 J **M<o*-«6lcj:ixtf, y^X-r^ 

[0 0 2 7] £6*-. **ffi-CO«iaJC«tt)i*«ftW^ 

[0 0 2 81 ^1 tC % mSHMt&O. 5-2 5 0 kV/ 
cmT\ _b^S V) ^n^s i o On sOTirV^, «L« 

«9> XyX^^ra^l-^aE-TS^^ji^ Sft* J: 

-f5$H\ m — r^-v^^-r^v'-t/K7)/h$ 

p#na* 100m «T-e*>s>"«/^«jnc±n«, 

[0 0 2 9] Sl2iC % ^yi>MB«^#i«oy7 
#>> *r«BE^^X^fc*5H-5#ffl»^i: LTfflv>P>n 

-74 5 2 5^M^^tiTVN5d\ *5£W%h<D 
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[0 0 3 0] — y 

10 [0 0 3 1] t L-CI*. «Hk 

» £ l < ra^/u * m ^ £ fn^Di - 5^ticj:or7 p 7X-7 
[0032] m&<»m&b\.x<nw&#*h\*x* mz. 

13: . SiH 4> SiaHe, SiCU, SiH2Cl 

2. Si (CHs) 4 f 0->7 ^^^^^7^7 

r^^^^e, *y ^y =^J8I, *fc±iB->9>-** 
20 2, 0 3»©R*tt^d^s i onmt^th^tm 

[00 3 3] tt, SiH 4 . Si 2 H 6 .7 : -h7^h 

[0 0 34] *fc, Al (CH 3 ) 3 , In (C 
2H5) 3,MoCl6,WF6, Cu (HFAcA 
c) 2, T i C 1 6 ^XliS i H4 ^<D^=7 >tf*<DM 
Al, In.Mo.W, Cu%f<D&mm 

m. t i s i 2, ws i 2m<D±m^\)^^ ywm&m 
30 !&-rz>zk&xzz 0 

[00 3 5] *t In (CM-C3H7) 3, Zn 
(OC2H5) 2, In (CH 3 ) 3, Zn (C 
2H5) 2§i'3In2 03 +Sn N Sn02+Sb, 

z n 0+ a 1 momwmmmmzf&ztiZo 

[0036] B 2 H 6 s BC13 iNH 3 ^$ 

d^BNK, SiF4^iSS^§d>?)SiOF 
^ N HS i (OR) 3. C H 3 S i (OR) 3, (CH 

3 ) 2 si (or) 2^frt>#})-?—mi$i>mj£&ti 

So 

40 [00 3 7] Jt, Ta (OC2H5) 5, Y (O i C 
3H7) 3, Y (C2H5) 3, Hf (OiCsH?) 
4, Zn (C2H5) 2^bTa20s, Y2O3, 
Hf0 2s ZnOz^M^M^^o 
[0 0 3 8] ^fc, CO2. CH4, C 2 H 5 OH?(D 

[0 0 3 9] C F 4 % C2F6, CFsCFC 

F 2> C4F 8 «07y|f4tft^7, O2. 

03, H2O. CH3OH, C2 Hs OH^O^^fl- 

ik&Votfx. N2, NH 3 m<nmm^ik^Votfx, s 
50 o 2 , sos^co^^-^^w^^^, T^y/ug£, 
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])Ji>T* b\ ^!lxfi/y^D = y 
[0 0 4 01 ^nyy^tfflv^xyfy^ 

[0 0 4 2] *«tJE5fi»OJE*TJc:*5t^TI±, ^ 

y *A^*i§ji!iic#fti-s»ii*T^«a*sfTto*LX# 
[0043] <b oa^jti*. fiWB-t- 

[0 0 4 4] _bfEmS£ L-Cti. A, T/i^~£A^<D 

a>&ft5fc©*U|Mf fetiS. ««w*«tLTIi, »lc 
lEJSSftftv^ *T-*»«<038£&* 
5 fc »|Si«ffiBwEI!ll* s -3£i:*6«jfi"e*>5 

[0045] *fc, »-3£«JSK^"Ctt, n«#ifijn« 
4ott&v\ ft t v ifis(aw»-¥«*-ifi^ < 



(5) ^2 0 0 2-2 3 7 4 8 0 

5 

[0 0 4 6] Sfcfc, ^X-rSrX&S-frsmtttt, - 
Jx-cv\h,lift< , — »w««f±, fifties 4v^8#Jft 

[0047] ±.ftmtmmm*. mm<DM^\m<D-^ 

[ o o 4 8 ] ±mmtmm&<DMm*. zs-bvrvh? 

Wig:!), r— r. t&foZo £ 
[0 0 4 9] Hftwm^ttK^LTtt, #y 

[0 0 5 0]ftC, 2 5t«*Tfcfctt5M:R«*#l 
0J^JL±cot>cor^5@^m*^fflV^^. i&ffiffiT'iiS 

ft^a*. m.n<ottnxtei 8, so oss^b^Af 
o — io o©a*ssftt*fc-5, ±tajt^m^ 

[0051] ±ismffifflto^ji s s^m^off^, 
v\ i mm^itij:, «;sw<omiB^au>rRii-rs<o 

[0 0 5 2] ft*3, ±BHft««**rK«teiix^:#lft-r 

[0 0 5 3] *9-ftft*S:fT ±IE@^mff 
BB«tc*)5»^tt. ^K«ffio^®fi, $®ttS^l0 

50 [0054] *&w<os</i'*mR^^^xwiW'tz> 0 m 
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1 fc/</UX*ffiS»<D«fc*i\ ffiffMa) , (b) i± 

'fw^s, as* (c) tt^vw^ai, (d) 

-c*>s b<o&mif ft&* jExn&v>\,*~rtiii><Dm&m\z 
m&.&$Mnrt'z>*<{zf<os<ji'X&m\'*xi> tut, 

[0055] ±fe^/u^s*co^ib 19 Stf/xte^: 

*>T^0«FBJtt. 10m»W»*U\ 10 iis* 

tai5, t#lc J: 5 7 L 

lc<<ftS 0 3t*>±iSD«FBX^*>T^9«FW 

frftS;^ 1 0 n s*jS^aC*>±36S0«FR|O^/U^tti|L 
1*1 0 n s~5 m sTfeSo ^^-CV>54*)±^ 

[0 0 5 6] '**O*BJ1L0ftt>TaS9ttrafctttt 

[0 0 5 7] ±IE^^^^«#^®#^g|^ 10-10 
00kV/cmt/£5<t9l-t5^^U\ 

#\ 1 000 k V/cm^^T- ^St^tL 

^^ftSo 

[0 0 5 8] ±f£^/u;*ffi#<Dj^a£^fi, 0. 5 — 10 

0kHztfo§:H^U\ 0. 5kHz*it^ 
1 0 0 kHz^5^7» ^ScS^*L^-T<^ 

[0 0 5 9] ±fE^Vw*®#(£:fcNtSt>£o<7V* 
rt^lBSMMBra:* 0. 5-2 0 0 Mt'fc5:i« 
Ll> 0 0. 5 // s&ffi-CfoZ>t$km&*$cfeteh<Dkt£ 
*K 2 0 0iisSriBt5i7-^ft«c»ffL^t<* 

So J; 9»£ L< 1*. 3-20 0/ist^5o 
6, t>i:o(D^yu^(Oil«-t*50N«Fra*-S5o 
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JO 

[0 06 1] *3g^tf>2f&l2, **t*SDB*K*«^9X 

3/ * 7 >r a* a r*m«iHiBds^a s tut > y = v £ * 
ft ificayil-s ^ t *s-5rffi4«nfc^»-efc6. 
[0 0 6 2] ^fttfy^mt lth @f*«imft:#$£K<* 

lf<b*U ¥fr¥«3!«ffii:SRS!/X/K (^teRfSSm 

JS£fr9 r. lv\ ftis, -/X/ucofl-lttt. 

£ £ ttr i^lf &JS#-e fc ^* frft v\, 
[0 0 6 3] £fc, iSffi^^X-r-cttSkfEdSjKdsij^-t- 
v>fc*. :/7X^£&&Jl£#(DlW£^Sfcr5lci6j 

X^Ote»*^ihi-S ^ £ as-ct S 0 
[0 0 6 4] ^ffiSoSWSr^i-Swir^iti-S 

-CfeSr t3&5$f£LV\, 38£LfcX7X^fc?»3s 

«t < « 9 fcftfcftBffllB t # m L p ^ 

fc, 5 0mm^±C7)t>CD#£:£LV\ > ^r^tCfi, 
**i~S (a) ?tT?Sli^, (b) n-/^H^n 
30 — frW&totofr&ttft* (c) cr— /^S«ttR*t®1SO 
«ft^t>*. (d) p-;Hg^ftStgoI^^ 
3&5»*LV\ HI 2 lc±|sm«^>^r®0 (SiZ2*(^<hSa: 

TV>S(OT\ ±|SCDJ: 9ft 5 0mm£j@;iS©*!lMX 

ffijcSoT*9-ftton*ff 5: tas-sifirefcSo 

[0 0 6 5] *^S(0*S*-7;Uf f ^ WMtt 5 C 
tt>-e#S, -Tft^^s SSife^lcttLT. ^ftS^f^ 

^feaftft^^^x^RBtafe^, 

ISL-Ciiftr-fir? ^ ^^plfiiT-feSo 

^-iSBI'-Cli, *5§Woy7Xvjt!iI*fetW*a 
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t»rfli-o*>5. hrk. n&zfyx^ftfan&mm 

[0 0 6 6] ft*3, *3gBJ!(7)*rfe£. M(fi)tSlilffl-C 

[0067] *^(Dy7X-7M(i, v£&<Dmm.&m 

5ir5tc:1*»as*>9. IOJ:9^MTI^it5^ 
tic**, WcJRtt«««*c:«[«4Ktt^»LrtaflB 
»TfBi:45. Sfc, «fli J 5>Sfl'S:»jili-51Bai#a«^ 

*aa*rtT5di:fC#5. *5B»o*Sfi, Kfit?fc3c 

[0 0 6 8] **W^^7X^A!iatc*3V^Ttt. 
ffl«^*w«OT«4fcl-*»i-5wi:SrKC»i*-e, X 

[0 0 6 9] ^9Xvk^fcO^|KS»WStt* 

[0 0 7 0] ±K*fe&#X\Z±&tfXlJ-T>'timb 
LTfi. ^7X^i»«tW*«»iS»0«HlC^# 
^it^SL, *OHB^Stt;*f*fcJ:5#*#— ^ 

fi«S:^F«tt^^#fflfttc«o J: J lei" 5 r t ^T*# 

[0 0 7 1 ] £ fefc, *«^<7>$S«tc*5V^rii, 
«ffi»ai!ltt^btt«ttlB3asKffi+5*^fll*mSr<T 
ofcfc, ^#IU LP y X;u$:SWSffi(^i^tS 
/ X;i/#)ffl|»t:tt5^7 X^«£«««rJB V*5 r 

[0 0 7 2] SMMt^^tLt 
5wtis-C#5. 
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[0 0 7 3] *»WlC*5lt5*flc«l4»««>««rB"ea 
Tic|^Wi-5o 0 311, W¥«8>S^/X/W£j;r>X 
7X^Xf^^^SSW-Bfc##tt5SB^, #*p*£ 

fit, *^*<o**ai«t«*fc*«o^t*i-BB 

T-£>5 0 lteffiffi. 2Xtf3l*«ffi, 4l*B<£SI«fl^ 
SliXf^^ffiLP. 7IJM^»AP, 4 2liiBi£ 
-<A>K 9ttft*SHL lOliJM^H, Hlitili 

1^3 toB^^^WH L *Bi*ni"5r: tlcioT, X 
9X^fc LT#**K#ffiLP 5a»b#£a$H5. - 

1 4 li, 2tci;«9;tf*#:#ffiL 
Pifi«l-**lv «ts*sstt5p 4fc 

«^^t» i o £ <9 «*aaatttcsf+* its 

Sfei-5wt^4v\ »S^h4 2fl aS0*fcr-K& 
ffi* (CPS -CSit^fflv^r^ia?) M^gt £ 
^It'f, * e>^»»xii*nJ»«*«:f*iD"t-5r t t>T- 

««saft:oWII0T»«S*5 / XM»«tt»**r*«*5 
:Ht'#5U x - y - z &WMM*M;ffi £ ttM 

[0 0 7 4] ±K#«Xf m 3 co J: 5 a 

L p tf>i£<gicxf L:frrft tffijtrRfi^ 5«* 

tc, S»(OBHJc^f^9*:#mu*iPitSii:^#j5t-r5J: 

ic^f Lfc «9 -T 5 d * t>T*t 5 0 
[0 0 7 5] B4I1 ;tf*Pfc#mLP&#;LfcH««H 
30 (Wm#«rffiv^r^7X^^f^«r»t(!i?fc#W-Jt5JS« 

t. ^^#atp; xyKDjiffljcKit^n^ k— -t-^ 
m* 3»4rt«««, 4»iHmpi*#. 5(i7y^^#wu 

p. 7»Aa#^iWAP. l 0 tt#5a#*fSK I4tt« 
^iltt, 4 1-43 li«B^-</U h £ ^tlWSto « 
fctf, ^X/^*i. S&#^PPCD^«CXf^*AP 7^ 

^S§O^HB!J(c|ES$ttfcaffi2 iffittB»R«**«rt 

5^tici:or, XyX^t LTXf^Pfc#ffiLP 5A»b 

JV V 4 1 I^J: DStfft, ft(C*Qi3l-</U h 4 2(c«t DXf* 
«!fc#WLPjca«^ ^S^n, ^V>T-^tt5-<>'Wh4 3 

r-ao^m*ix5fci^«axa^b4o"cv^5. 

*h<»11*\%, xffi l 0 J; «9 , »*S*t»tlcS« 

#LT«^i-5rtdS4^. KRiS^whtt, 36 0^ 
K«rffiS(c^eST*# 5 t>0£fflv>5 r t ic J: 0 &31<afi 
g^It't, $b^ftaixiiAnS6««Srf+*D-t-5r t 
50 fc-C#5. (BttBfWR«*A^45yX/H*:»±, 



13 

fflMHItM«:itt?#5U X-Y-Z^»j« 
[OO76]05lt «*^w-h««WcJtQ«ft 

*>»«ffiKi«:*pt-s y x/uflca>e>fts3SBK «t o &&a 
2. 3wtm«, 5 aiLP, 7\*%imtfx 

^AP, 14 tt«*&a£*t. 4 1-43 ttJRaS^A- h £ 
^ y X/uf*;|*j lz.m A £ *u «|£ 2 £ ffiffi 3 £ com \c*<fl, 

#ULP5^^iasn5. — &&as*n 4 

tt. fttttetSA^/i' h 4 l J: «9 lim, ScJc&a^/i' 
M 2«c J: ffi LP &a£ft, 

-CSBaWA- F43 fStftti * H 5 t ^ 9 SKSll^ h ft 

[0 0 7 7] B6li, n-/u«ffi£fflv*fcy X/u#«rK 

7&m6<Dffijjfa<nmmm'v&>z> 0 i6Mi7 ^*5v> 

& 4l±gHWB««\ 5IJ^7XT!*|lllLn, 7 |±*& 
I^^^AP> 3 Ofi^r — v->^ 3 1llfll 3 2f* 
#*US, 3 3te&a#*«»ft^n^ft*i\ 
[0 0 7 8] Ml^^lt 6ffi#<O^RP*r6l«C^^WA 
P7^«b^A^ix. #TL«3 2fcJ:D^:$* 

tt<b*L3 0 rO^HIC^T!*, /X/Uffcf;);. X-Y- 
Z#»**«:JMiS"fr-C*»«:»§|-*-'5wkfc-C#, * 

[0 0 7 9] Sbt-, *lioyX;utt:|j:, eUKffiffi 

#^#;#thLny X/u£g««®tc^K)£iir5- £ 

[0080] 0 8ii, yx/^idattts^^x 

*"Co^flllS«i»«c:f4A(Offi«-c»«L, 
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[Abstract] 
[Object] 

To provide a normal pressure plasma treating method which enables 
treatment of large-area substrate materials, and uniform and high-speed 
treatment, and which, in addition, does not cause damage to the substrate 
material. 
[Means] 

A discharge plasma treating method is characterized in that , under a 
pressure in the vicinity of atmospheric pressure, a solid dielectric is installed 
on at least one of opposing surfaces of opposing electrodes, a treating gas is 
introduced between the electrodes and a pulse-shaped electric field is applied 
to generate discharge plasma which is introduced to and brought into contact 
with the substrate material to be treated and arranged outside of the 
discharge space. By employing this method, large-sized substrate materials 
can be easily treated and an electrical and thermal load to the substrate 
material during the treatment can be reduced. 
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[Claims] 
[Claim 1] 

A discharge plasma treatment method characterized in that, under a 
pressure in the vicinity of atmospheric pressure, a solid dielectric is installed 
on at least one of opposing surfaces of opposing electrodes, treating gas is 
introduced between the electrodes and a pulse-shaped electric field is applied 
to obtain discharge plasma which is introduced to a substrate material to be 
treated and located outside a discharge space and which is brought into 
contact with the substrate material. 
[Claim 2] 

The discharge plasma treatment method set forth in claim 1 
characterized in that the opposing electrodes are parallel planar plate 
electrodes. 
[Claim 3] 

The discharge plasma treatment method set forth in claim 1 or 2, 
characterized in that the opposing electrodes are a combination of a plurality 
of parallel planar plate electrodes. 
[Claim 4] 

The discharge plasma treatment method set forth in claim 1, 
characterized in that the opposing electrodes are roller electrodes. 
[Claim 5] 

The discharge plasma treatment method set forth in claim 1, 
characterized in that the opposing electrodes are a combination of opposing 
parallel planar plate electrodes and roller electrodes. 
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[Claim 6] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 5, wherein a guide is provided in a substantially vertical manner 
from an outlet for the plasma generated by the opposing electrodes toward 
the substrate material to be treated. 
[Claim 7] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 6, wherein one side of the outlet for the plasma generated by the 
opposing electrodes is 250 mm or more. 
[Claim 8] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 7, wherein the degree of surface roughness of the electrodes 
and/or solid dielectric is 10pm or lower. 
[Claim 9] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 8, wherein the temperature of the substrate material to be 
treated is 120°C or lower. 
[Claim 10] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 9, characterized in that the pulse-shaped electric field has a pulse 
leading edge/trailing edge time of lOps or lower. 
[Claim 11] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 10, characterized in that the pulse-shaped electric field has a field 
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intensity of 10 to lOOOkV/cm. 
[Claim 12] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 11, characterized in that when the plasma is brought into contact 
with the substrate material to be treated, a preliminary discharge is carried 
out until the discharge state is stabilized and then, the plasma is brought 
into contact with the substrate material to be treated. 
[Claim 13] 

The discharge plasma treatment method set forth in claim 12, 
characterized by including a nozzle holding mechanism for moving a gas 
outlet nozzle on the substrate surface after the preliminary discharge. 
[Claim 14] 

The discharge plasma treatment method set forth in any one of 
claims 1 to 13, characterized in that the treatment applied to the substrate 
material to be treated is simultaneously applied to the front and rear 
surfaces of the substrate material to be treated by using the plasma from a 
plurality of opposing electrodes. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a normal pressure plasma treatment 
method carried out under atmospheric pressure or a pressure close to it, and 
more particularly, a method for treating by normal pressure plasma a body to 
be treated which is spaced apart from a discharge space. 
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[0002] 

[Background Art] 

Conventionally, a method has been utilized to generate 
glow-discharge plasma under low-pressure conditions for improving a 
surface condition of a body to be treated or for forming a thin film on a body 
to be treated. The treatments carried out under these low-pressure 
conditions require a vacuum chamber, an evacuation device or the like, 
thereby increasing the cost of the surface treating apparatus. Thus, this 
apparatus was almost never used for treating large-area substrate or the like. 
Therefore, a method is proposed for generating discharge plasma under 
atmospheric pressure or a pressure close to this. 

[0003] 

So far, as atmospheric plasma treatment methods, a method for 
carrying out treatment under a helium atmosphere is disclosed in the 
Japanese Unexamined Patent Publication Hei. 2-48626, and a method for 
carrying out treatment under an atmosphere consisting of argon, acetone 
and/or helium is disclosed in the Japanese Unexamined Patent Publication 
Hei. 4-74525,. However, since both of the above two methods generate 
plasma in a gas atmosphere containing organic compounds such as helium or 
acetone, or the like, the gas atmosphere to be used is limited. Further, 
helium is expensive and is commercially disadvantageous. Also, in the case 
that the gas atmosphere contains organic compounds, the organic 
compounds themselves are likely to react with the body to be treated, 
resulting in that a desired surface condition improving treatment, can not 
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sometimes be carried out. 
[0004] 

According to a general normal pressure plasma treatment method, a 
method is employed that primarily, a body to be treated is placed within a 
treatment bath, and between parallel planar plate electrodes covered by a 
solid dielectric, treatment gas is introduced into the treatment bath, a 
voltage is applied to the electrodes, and the thus-generated plasma is used to 
treat the body to be treated, as described in the Japanese Unexamined 
Patent Publication Hei 6*2149 and Japanese Unexamined Patent 
Publication Hei 7-85997. According to such a method, the body to be 
treated is placed entirely within the discharge space, which leads to a 
problem that the body to be treated is likely to be damaged. 
[0005] 

In order to solve this problem, a gun-like plasma treating apparatus 
which has a plasma gas outlet provided at a tip thereof has been developed 
as an apparatus which facilitates plasma treating only for specific portions of 
the body to be treated and enables successive treating of the body to be 
treated. For instance, Japanese Unexamined Patent Publication Hei 
11-215304 and Japanese Unexamined Patent Publication Hei 11*260-597 
disclose a plasma treating apparatus which comprises a cylindrical reaction 
tube provided with external electrodes and inner electrodes, cooling means 
provided on both electrodes to generate glow discharge inside the reaction 
tube and spray the plasma jet from the reaction tube onto the body to be 
treated. However, since the above apparatus employs plasma generated by 
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alternating current, a process must be added for cooling high-temperature 
elements. This reduces efficiency and leads to a problem that streamer 
discharge is still likely to occur. Also, the outlet is small, which leads to a 
problem that a large surface substrate requires a long time to be treated and 
further, it is difficult to treat the body uniformly. 
[0006] 

[Problems to be Solved by the Invention] 

In view of the above problems, an object of the present invention is to 
provide a normal pressure plasma treatment method whereby treating of 
large areas and at high speed is enabled, and no damage is caused to the 
substrate material. 

[0007] 

[Means to Solve the Problems] 

As a result of the research conducted by the inventors to solve the 
above problems, it was discovered that when the plasma generated under 
atmospheric pressure conditions by using a pulse-shaped electrical field, is 
brought into contact with the substrate material to be treated disposed 
outside the discharge space, treatment can be carried out uniformly and at 
high speed, and without damaging the substrate material. Thus, the 
present invention was made . 

[0008] 

Namely, the invention of Claim 1 is a discharge plasma treatment 
method characterized in that, under a pressure in the vicinity of atmospheric 
pressure, a solid dielectric is installed on at least one of opposing surfaces of 



8 



2002-237480 

opposing electrodes, treating gas is introduced between the electrodes and a 
pulse-shaped electric field is applied to obtain discharge plasma which is 
introduced to a substrate material to be treated and located outside a 
discharge space and which is brought into contact with the substrate 
material. 
[0009] 

Also, the invention of Claim 2 is the discharge plasma treatment 
method set forth in claim 1 characterized in that the opposing electrodes are 
parallel planar plate electrodes. 
[0010] 

Also, the invention of Claim 3 is the discharge plasma treatment 
method set forth in claim 1 or 2, characterized in that the opposing 
electrodes are a combination of a plurality of parallel planar plate electrodes. 
[0011] 

Further, the invention of Claim 4 is the discharge plasma treatment 
method set forth in claim 1, characterized in that the opposing electrodes are 
roller electrodes. 
[0012] 

Further, the invention of Claim 5 is the discharge plasma treatment 
method set forth in claim 1, characterized in that the opposing electrodes are 
a combination of opposing parallel planar plate electrodes and roller 
electrodes. 
[0013] 

Further, the invention of Claim 6 is the discharge plasma treatment 
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method set forth in any one of claims 1 to 5, wherein a guide is provided in a 
substantially vertical manner from an outlet for the plasma generated by the 
opposing electrodes toward the substrate material to be treated. 
[0014] 

Further, the invention of Claim 7 is the discharge plasma treatment 
method set forth in any one of claims 1 to 6, wherein one side of the outlet for 
the plasma generated by the opposing electrodes is 250 mm or more. 
[0015] 

Further, the invention of Claim 8 is the discharge plasma treatment 
method set forth in any one of claims 1 to 7, wherein the degree of surface 
roughness of the electrodes and/or solid dielectric is lOpm or lower. 
[0016] 

Further, the invention of Claim 9 is the discharge plasma treatment 
method set forth in any one of claims 1 to 8, wherein the temperature of the 
substrate material to be treated is 120°C or lower. 
[0017] 

Further, the invention of Claim 10 is the discharge plasma treatment 
method set forth in any one of claims 1 to 9, characterized in that the 
pulse-shaped electric field has a pulse leading edge/trailing edge time of lOps 
or lower. 
[0018] 

Further, the invention of Claim 11 is the discharge plasma treatment 
method set forth in any one of claims 1 to 10, characterized in that the 
pulse-shaped electric field has a field intensity of 10 to lOOOkV/cm. 
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[0019] 

Further, the invention of Claim 12 is the discharge plasma treatment 
method set forth in any one of claims 1 to 11, characterized in that when the 
plasma is brought into contact with the substrate material to be treated, a 
preliminary discharge is carried out until the discharge state is stabilized 
and then, the plasma is brought into contact with the substrate material to 
be treated. 
[0020] 

Further, the invention of Claim 13 is the discharge plasma treatment 
method set forth in claim 12, characterized by including a nozzle holding 
mechanism for moving a gas outlet nozzle on the substrate surface after the 
preliminary discharge. 
[0021] 

Further, the invention of Claim 14 is the discharge plasma treatment 
method set forth in any one of claims 1 to 13, characterized in that the 
treatment applied to the substrate material to be treated is simultaneously 
applied to the front and rear surfaces of the substrate material to be treated 
by using the plasma from a plurality of opposing electrodes. 
[0022] 

[Embodiments of the Invention] 

The present invention is a discharge plasma treatment method 
wherein a solid dielectric is installed on at least one of opposing surfaces of 
opposing electrodes under a pressure in the vicinity of atmospheric pressure, 
treatment gas is introduced between the electrodes and a pulse-shaped 
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electric field is applied across the electrodes to obtain discharge plasma 
which is introduced to a substrate material to be treated disposed at a 
position spaced apart from a discharge space, and brought into contact with 
the substrate material. The invention is described in detail in the following. 
[0023] 

The term under a pressure in the vicinity of atmospheric pressure 
denotes under a pressure of 1.333xl0 4 ~10.664xl0 4 Pa. The pressure in the 
range of 9.331xl0 4 ~10.397xl0 4 Pa is preferable for facilitating pressure 
adjustment and simplification of the device . 
[0024] 

It is known that under pressure in the vicinity of atmospheric 
pressure, gasses other than specific gases such as helium, ketone and the 
like are stable, and the plasma discharge state is not maintained and 
instantly shifts to an arc discharge state. However, it is assumed that by 
applying a pulse-shaped electric field, a cycle is realized wherein discharge is 
stopped before shifting to arc discharge and discharge is started again. 
[0025] 

According to the method of the present invention in which a 
pulse-shaped electric field is applied under a pressure in the vicinity of 
atmospheric pressure, first, it becomes possible to generate discharge plasma 
stably in an atmosphere which does not contain components such as helium 
or the like requiring a long time to shift from a plasma discharge state to an 
arc discharge state. 
[0026] 
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According to the method of the invention, it is possible to generate 
glow discharge plasma irrespective of the type of gas present in the 
plasma- generating space. Widely known plasma treatment carried out 
under low-pressure conditions and atmospheric plasma treatment carried 
out under specific gas atmosphere required that treatment be carried out in 
an air-tight container which is blocked out from .external atmosphere. 
However, according to the glow discharge plasma treatment method of the 
invention, treatment can be carried out in open systems or in low -press ure 
systems which prevents free washout of gases. 
[0027] 

Since a high-density plasma state can be achieved by treating under 
atmospheric pressure, this method is highly advantageous in the 
manufacturing process of semiconductor elements with successive treatment 
or the like. Two operations of the present invention relate to realization of 
the above high-density plasma state. 
[0028] 

According to a first operation, by applying a pulse-shaped electric 
field having steep leading edges of the pulse, the electric field intensity being 
0.5-250 kV/cm and the pulse rising time being 100 jis or less, gas molecules 
present in the plasma generating space are efficiently excited. Application 
of a pulse-shaped electric field having a slow rising edge of the pulse 
corresponds to application of energy having different intensities in a 
step-wise manner, and first, molecules ionized at a low energy, namely 
molecules having a small first ionization potential are given priority to 
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excitation, after which, molecules which are already ionized upon applying a 
high energy are excited to an even higher level, thereby making it difficult to 
effectively ionize molecules present in the plasma generating space. 
Contrary to this, according to a pulse -shaped electric field having a pulse 
rising time of 100 ps or less, by applying energy simultaneously to the 
molecules present in the space, the absolute number of molecules which are 
in an ionized state in the space becomes large, namely, a high density plasma 
is obtained. 
[0029] 

According to a second operation, by stably obtaining plasma in an 
atmosphere of a gas other than helium, molecules having more electrons 
than helium, namely molecules having a higher molecular weight than 
helium are selected as atmosphere gas, and as a result, an electron-dense 
space is realized. Generally, molecules having a larger number of electrons 
are more easily ionized. As described in the above, helium is a component 
which is ionized with difficulty, however, once it has been ionized, it does not 
shift to an arc-discharge state but remains in a glow-plasma state for a long 
period, and thus, it has been used as atmosphere gas for the atmospheric 
pressure plasma. However, if shifting of the plasma discharge state to arc 
discharge state can be prevented, molecules which are easy to ionize and 
have a large atomic mass number may be advantageously used to increase 
the absolute number of molecules which are in an ionized state in the space, 
thereby increasing the density of plasma. In the conventional art, it was 
impossible to generate glow-discharge plasma in an atmosphere other than 
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that comprising 90% of helium or more. A technology for discharging 
plasma with a sine wave in an atmosphere comprised of argon and acetone is 
disclosed solely in Japanese Unexamined Patent Publication Hei 4-74525, 
however, the follow-up tests conducted by the inventors of the present 
invention show that treatment cannot be carried out stably and at high 
speed at a practical level. Further, since the atmosphere contains acetone, 
treatments for purposes other than hydrophilication cannot be favorably 
carried out. 
[0030] 

As described in the above, the present invention enables, for the first 
time, to obtain stable glow discharge in an atmosphere containing an excess 
of molecules having a larger number of electrons than helium molecules, 
specifically, an atmosphere containing compounds of 10% by volume, having 
a molecular weight of 10 or more. With this, a high-density plasma state 
which is favorable for surface treatment can be realized. 
[0031] 

The type of gas to be used as treating gas in the present invention is 
not particularly limited and a variety of kinds of gases can be employed, 
depending on the purpose of treatment, so long as they generate plasma by 
application of an electric filed, more preferably, a pulse-shaped electric field. 
[0032] 

A gas containing silane such as SiH 4 , Si2H 6 , SiCl 4 , SIH2CI2, Si(CH 3 ) 
or the like is used as source gas constituting an ingredient for forming an 
amorphous silicone film, a polysilicone film, or the gas containing silane and 
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anhydrous ammonia, nitrogen-containing gas such as nitrogen gas are used 
to form a SiN film, and the nitrogen-containing gas and oxygen-containing 
gas such as O2, O3 or the like are used to form an SiON film, respectively. 
[0033] 

Also, an oxide film such as Si02 or the like is obtained from a 
silane-containing gas such as SiH4, Si2He, tetraethoxysilane, etc and oxygen 
gas. 
[0034] 

Also, A1(CH 3 ), In(C 2 H 5 )3, MoCl 6 , WF 6 , Cu(HFAcAc) 2 , TiCle and the 
like, or mixed gas containing silane gas such as SiH4 or the like can be used 
to form a metallic thin film such as Al, In, Mo, W, Cu or the like, and a metal 
silicide thin film such as TiSi2, WSi2 or the like. 
[0035] 

Also, In(Oi-C 3 H 7 )3, Zn(OC 2 H 5 ) 2 , In(CH 3 ) 3 , Zn(C 2 H2) 2 or the like can be 
used to form a transparent conductive film such as In 2 0 3 +Sn, Sn02+Sb, 
ZnO+Al or the like. 
[0036] 

Further, a BN film is formed from B2H6, CC1 3 and NH 3 gas or the like, 
a SiOF film is formed from a SiF4 gas and oxygen gas or the like, and a 
polymer film or the like is formed from HSi (OR) 3 , CH 3 Si(OR) 3 , 
(CH 3 ) 2 Si(OR) 2 and the like. 
[0037] 

Also, an oxide film or the like such as Ta20s, Y20 3 , HfCh, ZnC>2 is 
formed from Ta(OC 2 H 5 )5, Y(OiC 3 H 7 ) 3 , Y(C 2 H 5 ) 3 , HtfOiCsH?)*, Zn(C 2 H 5 ) or the 
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like. 
[0038] 

Also, a DLC film can be formed from a carbon-containing gas such as 
Co 2 , CH 4 , C2H5OH or the like. 
[0039] 

Also, fluorine-containing compound gas such as CF 4 , C2F6, CF3CFCF2, 
C4F8 or the like, oxygen-containing compound gas such as O2, O3, H2O, 
CH3OH, C2H5OH or the like, nitrogen-containing compound gas such as N2 
and NH3 or the like, sulfur-containing compound gas such as SO2, SO3 or the 
like, polymerized hydrophile monomer gas such as acrylic acid, polyethylene 
glycol ester dymethacrylate or the like can be used as needed. 
[0040] 

Also, halogen gas can be used for etching or dicing, oxygen gas can be 
used for ashing, resist processing and removing of organic contaminants, and 
plasma made of inert gas such as argon, nitride or the like can be used for 
surface cleaning or for surface modification treatments. 
[0041] 

In the present invention, the above source gases may be used as 
treating gases, however, due to considerations such as economic efficiency 
and safety and the like, the source gas is diluted by means of diluent gas and 
the resulting gas can be used as treating gas. Rare gas such as neon, argon, 
xenon and the like, nitrogen gas and the like are given as examples of diluent 
gases. These can be used both individually as well as in a mixture of two or 
more types of gases. Conventionally, treatment was carried out in the 
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presence of helium under a pressure in the vicinity of atmospheric pressure, 
however, according to the method of the invention of applying an electric 
field, more preferably a pulse-shaped electric field, it is possible to carry out 
a stable treatment in argon and nitrogen gas atmospheres which are more 
economic as compared to treatment in helium, as described hereinbefore. 
[0042] 

Conventionally, treatment was carried out in an atmosphere 
containing an excess of helium, under a pressure in the vicinity of an 
atmospheric pressure. However, according to the method of the present 
invention, stable treatment can be carried out in an atmosphere of argon, 
nitrogen or the like which are more economic in comparison to helium. 
Further, a high-density plasma state is realized by carrying out treatment in 
an atmosphere of gas having a large molecular weight and an even larger 
number of electrons. This can increase speed of treatment and provide 
industrial advantages. 
[0043] 

The mixing ratio of the source gas and the diluent gas is determined 
in accordance with the type of the diluent gas to be used. The consistency of 
the source gas is preferably 0.01~10% by volume of treatment gas, more 
preferably 0.1-10% by volume. 
[0044] 

The material for the electrodes may be simple metal such as copper, 
aluminum or the like, alloys such as stainless steel, brass or the like, or 
intermetallic compounds or the like . The shape of the electrodes is not 
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particularly limited, however, it is preferable that the distance between 
opposing electrodes is kept constant in order to avoid occurrence of arc 
discharge due to concentration of the electric field. The following types are 
given as configurations of electrodes satisfying these conditions- parallel 
planar plate-type, cylinder-type, cylinder opposing plate-type, 
sphere -opposing plate-type, hyperbolic opposing plate-type, co-axial 
cylinder-type structures or combinations of two or more of these types. 
[0045] 

Also, in place of the substantially uniform structure, a cylinder 
opposing cylinder-type having a large cylinder curvature can be used as 
opposing electrodes because the ratio of field concentration which causes arc 
discharge is low. Preferably, the curvature is at least of the radius 20mm or 
larger. The curvature depends on the permittivity of the solid dielectric, 
however at a curvature equal to or smaller than the above value, arc 
discharge is easily generated due to concentration of the electric field. If the 
respective curvatures are equal to or larger than the above value, the 
curvatures of opposing electrodes may differ. Since with a larger curvature, 
the curvature becomes closer to the plate, more stable discharge can be 
obtained, and the curvature is thus preferably set to radius of 40mm or 
larger. 
[0046] 

Further, it is sufficient that the solid dielectric is disposed on at least 
one opposing surface of a pair of electrodes for generating plasma. The pair 
of electrodes may be opposed to each other with an adequate space 
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thereinbetween to avoid a short circuit, or they may also be disposed 
perpendicular to each other. 
[0047] 

The solid dielectric is disposed on one of opposing surfaces of the 
electrodes or on the opposing surfaces of both electrodes. In this case, the 
solid dielectric is adhered to the electrode on the side which is grounded and 
the solid dielectric is configured to cover completely the opposing surface of 
the electrode to which it adheres. 

. In case there are portions at which the electrodes oppose each other and 
are not covered by the solid dielectric, these portions are likely to generate 
arc discharge. 
[0048] 

The solid dielectric may have a sheet-like shape or a film-like shape, 
and preferably may have a thickness of 0.01~4mm. If the solid dielectric is 
too thick, a high power voltage is required to generate discharge plasma, 
whereas if it is too thin, breakdown of insulation may occur at the time of 
applying power voltage which may lead to arc discharge being generated. A 
container-like shape may also be used for the solid dielectric. 
[0049] 

The material for the solid dielectric includes, for instance, plastic 
such as polytetrafluoroethylene, polyethylene terephthalate, glass, metal 
oxides such as silicon dioxide, aluminum oxide, zirconium dioxide, titanium 
dioxide, etc., double oxides, etc. such as barium titanate or the like. 
[0050] 
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In particular, by using a solid dielectric having a specific permittivity 
of 10 or higher in an environment at a temperature of 25°C, high density 
discharge plasma can be generated at a low power voltage, which improves 
efficiency of treatment. The upper limit of the specific permittivity value is 
not particularly limited, however, actual materials having a specific 
permittivity of around 18, 500 are available and can be employed in the 
present invention. Particularly, the specific permittivity of the solid 
dielectric is preferably 10-100. Metal oxides such as zirconium dioxide, 
titanium dioxide, and the like, double oxides, etc. such as barium titanate or 
the like can be given as concrete examples of the material for the solid 
dielectrics having a specific permittivity of 10 or more. 
[0051] 

The distance between the electrodes is appropriately determined in 
consideration of the thickness of the solid dielectric, the intensity of the 
power voltage to be applied, the intended purpose for using the plasma, and 
is preferably set to l~50mm. In case the distance is less than 1mm, there 
are cases that this distance is insufficient to dispose the electrodes with a 
space interval therebetween, whereas if it exceeds 50mm, it becomes difficult 
to generate discharge plasma uniformly. 
[0052] 

A plurality of discharge spaces can be defined by providing not just a 
pair of electrodes, but a plurality of electrodes which are opposed to each 
other and are provided with the solid dielectric. By defining a plurality of 
discharge spaces, it is possible to generate a large volume of plasma for 
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treating gas, which can speed up the process. 
[0053] 

Preferably, the surface of the solid dielectric or the surface of the 
electrode which is not covered by the solid dielectric and is in the discharge 
space have a degree of surface roughness of 10pm or less, to enable uniform 
discharge. Therefore, the surfaces of the solid dielectric and electrode are 
preferably subjected to grinding. 
[0054] 

A description is given of the pulse-shaped electric field of the 
invention. Fig. 1 shows an example of voltage pulse waveform, (a) and (b) 
are impulse-type waveforms, (c) is a pulse-type waveform and (d) is a 
modulated waveform. In Fig. 1, an example is given of a pulse obtained by 
repeatedly applying a negative and positive voltage, however, a pulse 
obtained by applying a voltage having either a positive or negative polarity 
may be employed. Also, a pulse-shaped electric field superimposed with 
electric current may be applied. The waveform of the pulse-shaped electric 
field of the invention is not limited to the waveforms exemplified herein, and 
it may be further modulated using a pulse having a different waveform, 
pulse rising time and frequency. Such modulation is suitable for carrying 
out successive surface treating at high speed. 
[0055] 

The rising time and/or falling time of the pulse-shaped electric field is 
preferably 10 ps or lower. If the time exceeds 10 ps, the discharge state 
becomes unstable and is likely to shift to arc discharge, making it difficult to 
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maintain a high-density plasma state by the pulse-shaped electric field. 
The shorter the rising time and falling time, the more efficient the ionization 
of gas at the time plasma is generated. However, it is actually difficult to 
realize a pulse-shaped electric field with a rising time of less than 10ns. 
More preferably, the rising time is 10 ns~10ps. The rising time as used 
herein denotes the time when voltage changes successively and is positive, 
while the falling time denotes the time when voltage changes successively 
and is negative. 
[0056] 

Preferably, the falling of the pulse-shaped electric field is steep, and 
the time scale is preferably 10 ps or lower, as is similar to the rising time. 
The rising time and falling time differ according to the technique for 
generating the pulse-shaped electric field, however, they can be preferably 
set to be equal to each other. 
[0057] 

The field intensity of the pulse-shaped electric field is preferably set 
to be 10~1000kV/cm. If the field intensity is less than lOkV/cm, processing 
time becomes too long, whereas if it exceeds lOOOkV/cm, arc discharge is 
easily generated. 
[0058] 

The frequency of the pulse-shape electric field is preferably 0.5-100 
kHz. If the frequency is less than 0.5 kHz, the processing time becomes too 
long because the density of the plasma is low, whereas if the density exceeds 
100 kHz, arc discharge is easily generated. More preferably, the frequency 
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is l~100kHz, and by applying a pulse-shaped electric field having such a 
high frequency, it is possible to greatly increase the processing speed. 
[0059] 

The duration time for one pulse in the pulse-shaped electric field is 
preferably 0.5~200 ps. If the time is less than 0.5 ps, the discharge state 
becomes unstable, whereas if it exceeds 200 ps, the discharge state may 
easily shift to an arc discharge state. More preferably, the time is 3-200 ps. 
Here, the duration time for one pulse, of which an example is shown in Fig. 1, 
denotes the duration of one pulse during an ON-state in a pulse-shaped 
electric field consisting of repeated ON and OFF states. 
[0060] 

In the present invention, the means for bringing the plasma into 
contact with the substrate material to be treated is a method wherein 
plasma generated between opposing electrodes is conducted towards the 
substrate material to be treated which is disposed outside of the discharge 
space and is brought into contact with the substrate material. 
[0061] 

According to the method of the present invention, the substrate 
material is not directly exposed to a high-density plasma space and the 
electrical and thermal load to the substrate material is reduced. In 
particular, this method can be used for treating silicone wafers integrated 
with electric circuits by means of a plastic film having a low-melting point. 
[0062] 

A method wherein the solid dielectric is elongated to form a plasma 
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induction nozzle and plasma is sprayed towards the substrate material to be 
treated which is disposed outside of the discharge space is given as a 
concrete example of such a method. Here, combinations of 
parallel-planar-plate electrodes and elongated nozzle, coaxial cylinder-type 
electrodes and cylindrical nozzle can be employed. The combination of 
parallel planar plate electrodes and elongated nozzle is preferably used since 
it makes possible the treating of large areas. The material of the nozzle is 
not necessarily the solid dielectric, but it may also be metal, or the like so far 
as it is insulated from the electrodes. 
[0063] 

Since discharge plasma is easily diffused at low-pressure, it is 
preferable to provide a guide running from the plasma outlet for the plasma 
generated by the opposing electrodes, towards the substrate material to be 
treated in a substantially vertical manner, in order to conduct the plasma to 
the intended portion of the substrate material to be treated. This guide 
enables prevention of diffusion of plasma. 
[0064] 

In view of treating large-area substrate materials, the gas outlet at 
the tip of the nozzle is preferably 50 mm or more. To use the generated 
plasma more efficiently, the discharge space should be configured to be close 
to the gas outlet. Thus, the electrode has a shape that runs along the shape 
of the gas outlet and is preferably 50 mm or more. Specifically, 
combinations of (a) a parallel planar plate electrode having a long side, or (b) 
roller electrode and roller electrode, (c) roller electrode and plate electrode, 
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and (d) roller electrode and curved-surface electrode are preferable. Figs. 2 
shows cross-sections (views taken in the plane perpendicular to the long 
side direction) of the electrode. In order to treat large surfaces at a high 
speed using such an electrode, an electrode having a larger size in the long 
side direction than the substrate material is used, and the substrate 
material or the electrode is moved in the direction perpendicular to the long 
side direction. Since the present invention employs pulse-shaped electric 
field, stable discharge can be maintained even when an electrode having a 
size which exceeds 50 mm is used, thereby making it possible to treat the 
entire surface of the substrate material uniformly. In order to treat the 
surface uniformly, while it passes the electrodes, the gas is preferably made 
to be uniform in the long side direction. 
[0065] 

The method of the invention can also be used in a multi-chamber 
system. Specifically, plasma devices having different gas and treating 
conditions are arranged in the conveying direction, and by carrying out film 
forming, etching and washing processes in every device, these processes can 
be carried out successively in lump. In such a multi-chamber system, 
combinations of the plasma treatment method of the present invention and 
other methods can be employed. By using a multi-stage device consisting of 
a plurality of sets of electrodes, the treating speed can be increased and gas 
of a different type can be introduced at each stage, respectively, to form 
multi-layer films. Further, the contacting process of the present invention 
is not limited to treating in multiple stages a single side of the substrate 
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material to be treated by employing a plurality of opposing electrodes for 
generating plasma, but it may also include treating both surfaces of the 
substrate material. Generally, since the discharge conditions are very 
restricted under normal pressure plasma, and the effects of the plasma are 
limited, the shift of the process to the back surface can be easily avoided and 
it is possible to subject a front surface and a back surface to different plasma 
treatments simultaneously by means of a remote source that generates a 
different kind of plasma. In particular, it is possible to treat a front surface 
and a back surface with plasmas generated based on different types of gases, 
by changing the treating gas to be flown between the opposing electrodes. 
[0066] 

The method of the present invention may also be used in combination 
with a method wherein a substrate material is disposed within a discharge 
space of the plasma generated between opposing electrodes and the plasma 
is brought into contact with the substrate material. 
[0067] 

Compared to the conventional high-temperature treatment, the 
plasma treatment of the present invention is characterized in that treating 
can be carried out at a low temperature, namely 120°C or less. Since 
treating is carried out at such low-temperature, the treatment can also be 
applied in particular to substrate materials which are sensitive to thermal 
damage or the like. Also, the temperature can be controlled by attaching a 
cooling mechanism or the like to the conveying means, etc. for conveying the 
electrodes or the substrate material. Depending on the treatment, it is 
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possible to carry out treatments at a high temperature, by using a heating 
mechanism. With the method of the present invention, stable treating 
becomes possible even at high temperatures. 
[0068] 

According to the plasma treatment of the present invention, it is 
possible to treat the contact portion between the plasma and the substrate 
material and a vicinity thereof in an atmosphere of inert gas to thereby 
prevent the surface of the substrate material from oxidizing, and prevent the 
surface of the substrate material from contacting damp air and other 
impurities in the atmosphere, after the treatment. 
[0069] 

A gas curtain mechanism formed of inert gas, a mechanism for 
treating a surface in a container filled with inert gas, etc. are given as 
examples of a mechanism for maintaining a contact portion of the plasma 
and substrate material and a vicinity thereof in an atmosphere of inert gas. 
[0070] 

The gas curtain mechanism formed of inert gas includes a gas 

exhaust mechanism formed around a contact portion of the plasma and the 

substrate material and a vicinity thereof, and a gas curtain mechanism of 

inert gas formed around the gas exhaust mechanism, which can maintain 

« 

the contact portion of the plasma and the substrate material and a vicinity 
thereof in an atmosphere of inert gas. 
[0071] 

According to the device of the present invention, a plasma generating 
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mechanism may be provided with a nozzle holding mechanism used for 
moving the gas outlet nozzle to the surface of the substrate material after a 
preliminary discharge is carried out from the initiation of voltage application 
to the electrodes until stabilization of the discharge state, , thereby 
suppressing the production of defective products. 
[0072] 

Further, as a means for conveying the substrate material, a 
conveying system consisting of a feed roller and a wind-up roller can be used 
if the substrate material is a film-like object, and a conveying system 
consisting of a transport conveyor, transfer robot or the like can be used if 
the substrate material is a sheet-like object. 
[0073] 

Concrete examples of the devices according to this invention are 
described herein with reference to the drawings. Fig. 3 is a view showing 
an example of a device provided with a device for spraying plasma gas onto 
the substrate material to be treated by means of a parallel planar plate type 
elongated nozzle, a device provided with a gas inlet formed in the periphery 
of the gas outlet nozzle, and a mechanism for transporting the substrate 
material to be treated. Reference numeral 1 denotes a power source, 2 and 
3 denote electrodes, 4 denotes solid dielectrics, 5 denotes a gas outlet, 7 
denotes a treating gas inlet, 42 denotes a transport belt, 9 denotes a 
discharge space, 10 denotes an exhaust gas tube and 14 denotes a substrate 
material to be treated. For example, the treating gas is introduced from the 
gas inlet 7 into the discharge space 9 in the direction of the arrow, and by 
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applying a pulse -shaped electric field across electrode 2 and electrode 3, 
plasma is sprayed out from the gas outlet 5. On the other hand, the 
substrate material to be treated 14 is carried near the gas outlet by the belt 
42 in order to be treated. The gas after treatment is removed through the 
exhaust gas tube 10 and therefore it does not re-adhere to the substrate 
material to be treated to contaminate it. By using a transport belt 42 with a 
randomly adjustable feeding speed, the rate of treating can be changed, and 
a cooling and heating mechanism can also be provided. It is also possible to 
provide a nozzle holding mechanism for holding the whole nozzle at the 
exterior side of the body to be treated from when a voltage is applied to the 
electrodes to carry out a preliminary discharge, as needed, until plasma is 
stabilized. Also, an X-Y-Z moving mechanism can be provided for sweeping 
the substrate material to be treated. 
[0074] 

The gas exhausting mechanism is disposed in the vicinity of the 
outlet in Fig. 3, along the direction in which the gas is sprayed, but it can 
also be disposed at the periphery of the substrate material so as to exhaust 
gas in the direction in which the gas is sprayed and in a vertical direction, or 
so as to exhaust gas from a reverse side of the surface to be treated of the 
substrate material. 
[0075] 

Fig. 4 is a view showing an example of a device including a device for 
spraying plasma gas onto a substrate material using a cylindrical solid 
dielectric provided with a gas outlet, a device provided with a doughnut-like 
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gas inlet formed around the gas outlet nozzle, and a device provided with a 
mechanism for transporting the substrate material. Reference numeral 1 
denotes a power source, 2 an exterior electrode, 3 an inner electrode, 4 a solid 
dielectric, 5 a gas outlet, 7 a treating gas inlet, 10 an exhaust gas tube, 14 a 
substrate material to be treated, and 41-43 transport belts, respectively. 
For instance, treating gas is introduced from the gas inlet 7 inside the 
tubular solid dielectric container in the direction of the outlined arrow and a 
pulse-shaped electric field is impressed between the electrode 2 disposed on 
the exterior side of the cylindrical solid dielectric container and inner 
electrode 3 disposed inside the tubular solid dielectric container, to thereby 
generate plasma which is sprayed out from the gas outlet 5. On the other 
hand, the transport process consists of first conveying the substrate material 
to be treated 14 by the carry-in belt 41, then conveying the substrate 
material to the gas outlet by the treating belt 42, treating the substrate 
material, and then, carrying it out by the carry-out belt 43. The gas after 
treating is removed through the exhaust gas tube 10 and it does not 
re-adhere to the substrate material to contaminate it. By using a transport 
belt with a randomly adjustable feeding speed, the rate of treating can be 
changed, and a cooling and heating mechanism can also be provided. It is 
also possible to provide a nozzle holding mechanism for holding the nozzle 
formed of a tubular solid dielectric at the exterior side of the substrate 
material from when a voltage is applied to between the electrodes to carry 
out a preliminary discharge, as needed, until plasma is stabilized. Also, an 
X-Y-Z moving mechanism can be provided for sweeping the substrate 
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material. 
[0076] 

Fig. 5 is a view showing an example of a method for treating a 
substrate material to be treated by using a device consisting of a nozzle body 
having a plurality of discharge spaces defined by a plurality of planar-plate 
electrodes. Here, reference numeral 1 denotes a power source, 2 and 3 
electrodes, 5 a gas outlet, 7 a treating gas inlet, 14 a substrate material to be 
treated, and 41-43 transport belts, respectively. Although not shown, the 
electrodes are covered by a solid dielectric. For instance, treating gas is 
introduced from the gas inlet 7 into the nozzle body formed with a plurality 
of discharge spaces in the direction of the outlined by arrow and a 
pulse-shaped electric field is applied between the electrode 2 and electrode 3, 
to thereby generate plasma which is sprayed out from the gas outlet 5. On 
the other hand, the transport process consists of first conveying the 
substrate material to be treated 14 by the carry-in belt 41, then conveying 
the substrate material to the gas outlet by the treating belt 42, treating the 
substrate material, and then, carrying it out by the carry-out belt 43. This 
device can be formed with a plurality of discharge spaces therein, and 
therefore it is preferably used for treating large-area substrate materials. 
[0077] 

Fig. 6 is a perspective view for describing a nozzle body using a roll 
electrode. Here, in order to describe an inner side of the nozzle body, a part 
of an outer casing is shown by a dotted line. Fig. 7 is a cross section taken 
along a longitudinal direction in Fig. 6. In Figs. 6 and 7, reference numeral 
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1 denotes a power source, 2 a ground roller electrode, 3 an impressed roller 
electrode, 4 a solid dielectric, 5 a plasma outlet, 7 a treating gas inlet, 30 a 
casing, 31 an inclined plate, 32 a multi-perforated plate, and 33 a treating 
gas circulation hole, respectively. 
[0078] 

The treating gas is introduced from the gas inlet 7 in the direction of 
the outlined arrow and the flow rate thereof is made uniform in a 
longitudinal direction by the inclined plate 31 and the multi-perforated plate 
32. A pulse-shaped electric field is impressed between the roller electrodes 
to generate plasma which is sprayed out from the plasma gas outlet 5 onto 
the substrate material to be treated which is disposed nearby. The nozzle 
body can be provided with an X-Y-Z moving mechanism for sweeping the 
substrate material, and thus this device can be used for treating large-area 
substrate materials in a short time. 
[0079] 

Further, after a preliminary discharge is carried out from the 
initiation of application of voltage to the electrodes until the stabilization of 
discharge state, the gas outlet nozzle of the nozzle body of the invention is 
moved to oppose the surface of the substrate material, whereby it is possible 
to suppress the production of defective products. An outline of such a device 
is shown in Fig. 8. 
[0080] 

Fig. 8 shows an example wherein a plasma generating mechanism 
having a nozzle body holding mechanism is used. In this device wherein the 
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treating gas is introduced in the nozzle body 6 and plasma is sprayed onto 
the substrate material 14, the nozzle body 6 is held in position A during a 
preliminary discharge until the discharge state is stabilized, and after the 
discharge state has been stabilized, the nozzle body 6 is moved to location B 
opposing the surface of the substrate material 14 where the nitride film is to 
be formed, and deposition of the nitride film is started. Also, there is 
provided a ring-like hood 10 which surrounds a support substrate 15 and 
which makes it possible to discharge treating gas, and further, in 
combination with a transfer robot 20, the substrate material 14 can be 
inserted or withdrawn from a cassette 21. This enables efficient treating of 
the substrate material. The nozzle body holding mechanism can be used 
together with an XYZ moving device for sweeping a nozzle body. Also, it 
can be accommodated in a container filled with inert gas. 
[0081] 

Fig. 9 shows an example of a device for processing the sheet-like 
substrate material. A container 30 formed with a gas inlet 7 and a gas 
outlet 5 is provided at an inner side thereof with, and at least one of opposing 
surfaces of opposing electrodes 2 and 3 has a solid dielectric arranged 
thereon. Source gas which has been excited between one electrode and the 
solid dielectric or between the solid dielectrics is successively sprayed out 
from a gas outlet 5 in the direction of the arrow onto a surface of the 
sheet-like or film-like substrate material 14 which is moved by means of the 
rollers, thereby forming a film 16 on the substrate material. 
[0082] 
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Further, Fig. 10 shows an example of a device which uses a 
combination of a pair of parallel planar plate electrodes and a pair of 
cylinder-type electrodes. A container 30 formed with a gas inlet 7 and a gas 
outlet 5 is provided at an inner side thereof with a pair of parallel planar 
plate electrodes formed of electrodes 2 and 3 and a pair of cylinder-like 
electrodes formed of electrodes 2' and 3\ Further, a guide 6' is provided in a 
substantial vertical manner in front of the gas outlet 5 toward the substrate 
material to be treated 14. The source gas is excited between the electrodes 
to generate plasma and by rotating the cylinder-like electrode, a more 
uniform plasma can be obtained. Further, the guide 6 can concentrate 
plasma on the surface of the substrate material 14. 
[0083] 

According to the atmospheric pressure plasma discharge using the 
pulse-shaped electric field of the invention, plasma discharge can be directly 
generated between the electrodes under atmospheric pressure irrespective of 
the type of gas to be used. This enables to realize electrodes having a 
simplified construction, an atmospheric pressure plasma device with a 
simplified discharge sequence, and a simplified treating technique which 
enables to increase the speed of the operations. Also, the treating 
parameters can be adjusted in accordance with the parameters of pulse 
frequency, voltage and interval between electrodes, or the like. 
[0084] 

The treating method of the present invention can be used for forming 
insulating films, passivation films, oxide films for use for optical films, etc., 
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EL films for use for light emission, nitride films for use for insulating films 
and passivation films, metallic films for use in catalysts for wiring and fuel 
cells, transparent conducting films for use as DLC for passivation, 
smoothness, and corrosion protection coating, electrodes to be placed on glass 
material, plastic material, lowk films to be used as high-frequency 
insulating films, high-k films for use in high-density memories, piezoelectric 
elements, poly-Si films for use in TFTs (LSI on glass substrate material), 
CVD films such as a-Si-H films for use in solar batteries. 
[0085] 

This treating method can also be effectively employed in the 
manufacturing process of semiconductors and electronic parts- ashing 
treatment of the photo-resist and descum, etc, isotropic and anisotropic 
etching treatment, washing treatments after removal of oxide film, removal 
of organic pollutants, etc., oxidization process, topping process, after-coating 
process and the like. 

[0086] 

[Examples] 

Although the invention is described in detailed based on the 
examples, it is not limited to these examples only. 

[0087] 
Example 1 

Here, the device of Fig. 3 is used. This device is provided with SUS 
parallel planar plate electrodes sized 200x50x8mm, the electrodes having 
alumina of 0.5mm thick coated on the surface thereof and being spaced apart 
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at an interval of 2mm. As substrate material to be treated is a circuit board, 
and as treating gas, mixed gas comprising oxygen 25% of total volume and 
argon gas 75% of total volume, the mixed gas being introduced at lOL/min. 
The washing treatment of the surface of the circuit board is carried out 
under the following conditions. 
[0088] 

Discharge conditions" waveform (a), rising/falling time 5 us, Vp-pl2kV, 
frequency 10 KHz, treating time 30 sec. 
[0089] 

The generated plasma is in a streamer-free, uniform discharge state, 
the temperature of the electrodes during the treatment is 60°C, the 
temperature of the board is 40°C, both temperature values being the 
maximum value. The treated circuit board was subjected to an operation 
test which showed that the circuit board functions properly. The amount of 
carbon present on the surface of the circuit board before and after treatment 
was measured by means of ESCA, the results showing 62 atom% before 
treatment and 5 atom% after treatment, and thus confirming an excellent 
washing performance. 

[0090] 
Example 2 

Here, the treating gas to be used is drying air and is introduced at 
201/min, and Vp-p 20kV. The rest of the conditions are the same as in 
Example 1. The circuit board is subjected to a surface washing treatment 
under the above conditions. The generated plasma is in a streamer-free, 
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uniform discharge state, the temperature of the electrodes during the 
treatment is 60°C, the temperature of the board is 40°C, both temperature 
values being maximum values. The treated circuit board was subjected to 
an operation test which showed that the circuit board functions properly. 
The amount of carbon present on the surface of the circuit board before and 
after treatment was measured by means of ESCA, the results showing 62 
atom% before treatment and 4 atom% after treatment, and thus confirming 
an excellent washing performance. 

[0091] 
Comparative Example 

Here, a high-frequency voltage of 13.56 MHz, 250W is applied to 
across the electrodes. The rest of the conditions are the same as in Example 
1. The circuit board is subjected to a surface washing treatment under the 
above conditions. Since a streamer discharge was observed and the 
temperature of the electrodes rose to 200°C or more, it was considered that it 
would be dangerous to continue treating under such conditions, and the 
treating was stopped 5 second after the voltage was applied. The treated 
circuit board was subjected to an operation test, but the board did not 
function. It is believed that the board was thermally damaged and a short 
circuit occurred. 

[0092] 
Comparative Example 2 

Here, a high-frequency voltage of 13.56 MHz, 250W is applied to 
across the electrodes and mixed gas, as treating gas, comprises helium 45% 
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of total volume, argon gas 45% of total volume and oxygen 10% of total 
volume. The rest of the conditions are the same as in Example 1. The 
circuit board is subjected to a surface washing treatment under the above 
conditions. Here, a cooling device has been used to keep the temperature of 
the electrodes to bellow 200°C. Since a streamer discharge was observed, it 
was considered that it would be dangerous to continue treating under such 
conditions, and the treating was stopped 10 seconds after the voltage was 
applied. Next, a mixed gas of helium 90% of total volume and oxygen 10% 
of total volume was used as treating gas and the treating was carried out for 
30 seconds. The temperature of the circuit board rose to 150°C. The 
treated circuit board was subjected to an operation test, but the board did 
not function. It is assumed that the board was thermally damaged and a 
short circuit occurred. The amount of carbon present on the surface of the 
circuit board before and after treatment was measured by means of ESCA, 
the results showing 62 atom% before treatment and 46 atom% after 
treatment. 

[0093] 
Example 3 

The device of Fig. 10 comprises SUS parallel planar plate electrodes 
which are sized 200x50x8mm and have a surface thereof coated with 
alumina 0.5mm thick (interval between electrodes being 2mm), SUS roll 
electrodes which have a diameter of 25 mm and have a surface thereof coated 
with alumina 0.5mm thick (interval between electrodes being 2mm), a gas 
guide 3 mm long and attached such as to extend below the roller portion, and 
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a mechanism for blocking the side and opening only a tip of the gas guide 3. 
The glass board used as a substrate material to be treated is arranged 1 mm 
away from the nozzle. CF4 100% by volume is used as treating gas and is 
flown at a rate of 1SLM, a voltage having a discharge output of 500W and a 
frequency of 10kHz is applied to the electrodes and the board is subjected to 
etching treatment for 5 minutes. After etching, the etching depth on the 
surface of the board was measured with a probe-type surface shape 
measuring device, the measurements showing that the surface was etched 
anisotropically at an etching depth of 0.5ii. Also, a characteristic orange 
luminescent color could be observed in the discharge portion. 
[0094] 

[Effects of the Invention] 

The normal pressure plasma treating method of the present 
invention can be used for high-speed treating and large-sized material 
treating and is carried out by means of a device having a simplified structure 
and which does not cause thermal and electrical damage to the substrate 
material to be treated. This method can be effectively used for obtaining 
in-line treating and increasing the rate at which treatments are carried out 
in any plasma treatment methods, starting from the various methods used in 
the semiconductor manufacturing process. This method enables to reduce 
treating time and cost associated therewith, and offers possibilities of use in 
other various applications which were not possible or were difficult to carry 
out in conventional art. 

[Brief Description of the Drawings] 
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Fig. 1 is a view of a voltage waveform showing an example of a 
pulse-waveform of the present invention. 

Fig. 2 is a view for describing a combination of shapes of electrodes of 
the present invention. 

Fig. 3 is a view showing an example of a discharge plasma treating 
device according to the present invention. 

Fig. 4 is a view showing an example of a discharge plasma treating 
device of the present invention. 

Fig. 5 is a view showing an example of a discharge plasma treating 
device of the present invention. 

Fig. 6 is a view showing an example of a nozzle body of the present 
invention. 

Fig. 7 is a section view of Fig. 6 as viewed from a vertical direction. 

Fig. 8 is a view showing an example of a discharge plasma treating 
device of the present invention. 

Fig. 9 is a view showing an example of a discharge plasma treating 
method of the present invention. 

Fig. 10 is a view showing an example of a discharge plasma treating 
method of the present invention. 

[Description of the Numerals] 
1 power source (high-voltage pulse power source) 



2, 2', 3, 3' 



electrodes 



4 



solid dielectric 



5 



gas outlet 
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6 


nozzle body 


6' 


guard 


7 


gas inlet 


9 


discharge space 


10 


gas exhaust tube 


14 


substrate material to be treated 


15 


support substrate 


16 


thin film 


20 


transfer robot 


21 


cassette 


22 


arm 


30 


casing 




inclined plate 


32 


multi-perforated plate 


33 


treating gas circulation hole 


41, 42, 43 


transport belt 
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